Background: A minority of patients who experience awareness and/or pain during surgery subsequently develop posttraumatic stress disorder. In a rodent model of post-traumatic stress disorder, stress-enhanced fear learning (SEFL), rats are preexposed to a stressor of 15 foot shocks. Subsequent exposure to a single foot shock produces an enhanced fear response. This effect is akin to sensitized reactions shown by some posttraumatic stress disorder patients to cues previously associated with the traumatic event.
SURGERY can impose both physical and mental stress. Patients given insufficient anesthesia during surgery may experience awareness and/or pain during their procedure. These patients are at increased risk of developing post-traumatic stress disorder (PTSD) subsequently. 1 Such patients display hallmark signs of PTSD, including nightmares, flashbacks, general anxi-ety, chronic fear, and avoidance of trauma reminders, such as the hospital. 2, 3 It is ethically difficult to prospectively study PTSD in humans. Animal models present an alternative approach to study the disorder. While animal models cannot completely reflect a human psychological state, they may be used to study aspects of these states. In one such model, stress-enhanced fear learning (SEFL), 4, 5 rats are placed in an environment and given 15 foot shocks, which simulates a stressful or "traumatic" event. The following day, they are placed in a second environment and given a single foot shock, a reminder of the original stressful event. Over the following 2 days, the animals are tested for their fear to each environment in the absence of shock. The fear response measured is freezing, or immobility, which is an adaptive reaction of rodents to fearful stimuli. 6 Typically, freezing increases asymptotically to a maximum as the number of shocks given increases. 7 When animals are placed back in the 15-shock environment, they show a fear response proportional to the number of shocks received there. 4, 5 Preexposure to the 15shock stressor enhances the fear response in the 1-shock environment. Animals not preexposed to the stressor show freezing proportional to 1 shock, whereas animals preexposed to the 15-shock stressor show enhanced freezing. 4, 5 This model produces two dissociable effects. One effect is associative fear conditioning to the different cues present in each environment. Associative fear implies that there is a learned connection between two specific events such that the occurrence of one activates the representation of the other. In this case, placement into the context elicits the memory of the shock, which results in a fear response. The second effect is a permanent change in the neurobiologic mechanisms that mediate fear conditioning such that a new stressful event produces greatly exaggerated learning of a new fear response, SEFL. Associative fear to the reminder should be low (in the absence of shock preexposure), but it is enhanced in preshocked animals because of a nonassociative mechanism. Evidence from previous studies suggests that distinct mechanisms mediate associative fear conditioning versus SEFL. 4 For example, despite elimination of associative fear to the 15-shock environment by extinction (repeated presentations of the context until there is no conditional fear) or pharmacologic means, SEFL still persists. 4 Previously, we have examined the ability of isoflurane to block associative fear conditioning. Isoflurane given during training dose-dependently reduces conditional fear during testing. 8, 9 The current study assessed the capacity of inhaled anesthetics to suppress PTSD-like symptomotology, as measured in the SEFL animal model. Our goal was to determine what concentration of a prototypic inhaled anesthetic, isoflurane, suppressed SEFL (experiment 1); whether poststressor administration of isoflurane suppressed SEFL (experiment 2); whether the suppression persisted (experiment 3); whether the intensity of the stressor affected the isoflurane concentration required to suppress SEFL (experiments 4 and 5); and whether nitrous oxide suppressed SEFL (experiment 6).
Materials and Methods
The protocols for all studies were approved by the University of California San Francisco Committee on Animal Care, San Francisco, California. We used 70-to 90-day-old naive adult male Long Evans rats (Harlan, Indianapolis, IN). The rats were housed two or three per cage (42 cm long ϫ 25 cm wide ϫ 20 cm high), and food and water were available ad libitum. The animals were kept on a 12:12-h light-dark cycle, with lights coming on at 6:00 AM, and all experimental procedures took place during the light cycle. All rats were handled daily for approximately 20 s each for a week before each experiment.
An equilibration chamber was used for anesthesia delivery before fear conditioning. The chamber was similar to the rat's home cage. It was covered with a sheet of plastic pierced with two small conduits that allowed inflow and sampling of gases. A 17-cm diameter hole in the sheet was capped by a 20-cm-high ϫ 17-cm-diameter plastic cylinder. This chimney-like structure allowed the escape of excess gases, but more importantly allowed rapid movement of rats into and out of the equilibration chamber with minimal disturbance to the isoflurane concentration.
We used a Gow-Mac gas chromatograph (Gow-Mac Instrument Corp., Bridgewater, NJ) equipped with a flame ionization detector to measure concentrations of isoflurane. The 4.6-m-long, 0.22-cm-ID column was packed with SF-96. The column temperature was 100°C. The detector was maintained at approximately 50°C warmer than the column. The carrier gas flow was nitrogen at a flow of 15-20 ml/min. The detector received 35-38 ml/min hydrogen and 240 -320 ml/min air. Primary standards were prepared, and the linearity of the response of the chromatograph was determined. We also commonly used secondary (cylinder) standards referenced to primary standards.
Fear conditioning took place in four acrylic training chambers (27 cm long ϫ 24.5 cm wide ϫ 20 cm high).
The lid to each chamber had acrylic sidewall guides that fit inside the chamber and an 8-cm-diameter hole fitted with a rubber stopper that was transiently removed during the transfer of a rat from the equilibration to the training chamber. Two 2-cm-diameter conduits on opposing sides of the chamber allowed inflow and the outflow of gases to all four chambers. Gas inflow was delivered to the circuit in a 5-l/min oxygen flow through an isoflurane vaporizer (Isotec 4; Ohmeda, Los Angeles, CA) set to the desired concentration.
The chambers were used in two different procedures, and they were altered between procedures to maximize the animals' ability to differentiate between them. Preexposure to the stress took place in context A, and training to a single shock took place in context B. The contexts differed in texture, lighting, odor, and floor. In context A, the walls were wiped with a pine-scented cleaner (5% Pine Scented Disinfectant; Midland, Inc., Sweetwater, TN) before and after each session. The grid floor used to deliver shocks was composed of 14 stainless steel bars, each bar 5 mm in diameter, all bars spaced 13 mm from center to center. These floors were connected to a shock delivery system (San Diego Instruments, San Diego, CA). Overhead fluorescent room lights were left on, and a squirrel fan supplied background noise (65 db).
In context B, rubber mats with suction backing covered the clear acrylic walls and ceiling. These mats were wiped with acetic acid (1%; Fisher Scientific, Fair Lawn, NJ) before and after each session. The grid floors used to deliver a single shock in this context were composed of 31 stainless steel bars, each 3 mm in diameter, spaced 7 mm center to center, which were also wired to the shock generator. Context B appeared dark to the rats, being lit by a single 30-W red bulb placed at the opposite end of the room. Before each set of animals entered the room, an aerosol (Amphyl Disinfectant Deodorant Spray; Reckitt Benckiser Inc., Wayne, NJ) was sprayed in the room. A compact disc player played a disc of white noise (65 db). In both contexts A and B, the front walls of each chamber were clear and allowed a video camera and corresponding videocassette recorder to record the animals' behavior for analysis. Table 1 illustrates the design and procedures for this experiment. One hundred four rats were used in this experiment. On day 1, rats were transported in their home cages from their housing area to a small dark room in the laboratory. Sets of four animals were transported from the dark room to the study room and placed in the equilibration chamber at a time where they received 0, 0.2, 0.4, 0.6, 0.8, or 1% isoflurane exposure for 30 min.
Experiment 1
After equilibration, animals were removed via the chimney and, within 5-10 s, were placed into the context A chambers, which were preequilibrated with an isoflurane concentration equivalent to the concentration in the equilibration chamber. Rats were randomly assigned to either receive 0 or 15 shocks (1-mA, 1-s shocks with a variable intershock interval of 240 -480 s, producing a total preexposure time of 93 min) during context A preexposure. Animals receiving no shock during preexposure were placed in context A for the same time as shocked animals. After the preexposure, the animals were removed from the chambers and placed in their home cages. The rats were returned to their housing area after completion of the last group.
The following day, the animals were transported in cages that were the same size as the home cage, but outfitted with opaque plastic dividers such that each cage housed three rats separated from one another. These cages were placed in the laboratory housing area, now illuminated with a fluorescent bulb. Rats in each squad were then transferred to the context B test area in separate plastic pots (23 cm high ϫ 25 cm diameter) containing wood chip bedding and covered with opaque lids. In context B, the rats were given a single shock (1 mA, 1 s) 192 s after placement in the chamber and then were removed from the chamber after an additional 30 s. Freezing, defined as the absence of all movement except that necessary for respiration, was measured during this time. 10 We assessed freezing for the 192-s preshock period to provide a baseline measure before shock in context B. This indicated whether animals generalized between context A and context B. Generalization may occur when details of the two contexts are not sufficiently different. If the contexts were too similar for the rats to distinguish, rats preexposed to the 15 shocks in context A would show higher baseline freezing in context B (before shock) compared with rats receiving no shock in context A (i.e., they would be unable to distinguish that they were in a different place). On day 3, animals were returned to context B for 8 min 32 s for a test of fear conditioned to the B context (the context test). On day 4, rats were returned to context A and given another 8-min 32-s context test. Freezing was scored during each context test. Each rat's behavior was scored every 8 s during the observation period, and a percentage of freez-ing calculated from these observations (number of freezing observations counted/total number of freezing observations in the session). Four animals were scored at a time. To ensure that each rat had equivalent observations in each scoring period, we used the 192-s baseline period (24 observations/rat) and the 8-min 32-s context test (64 observations/rat).
Experiment 2
A question of substantial clinical relevance is whether anesthesia given after trauma exposure during treatment could be useful in suppressing the development of PTSD symptoms. Often times, individuals exposed to trauma such as a car accident or assault must go to the hospital for treatment of injuries. 11, 12 Is it possible that anesthetics given in this type of situation could actually help to suppress the development of posttrauma symptoms? Given that isoflurane suppressed SEFL in experiment 1, we tested whether its administration after the stressor could also suppress SEFL.
Thirty-two rats were used in this experiment. Rats were assigned to one of four conditions: 0 shocks during context A preexposure and 0% isoflurane, 15 shocks during context A preexposure and 0% isoflurane, 15 shocks during context A preexposure and 0.6% isoflurane given during the 15 shocks, or 15 shocks during context A preexposure and 0.6% isoflurane given after the 15 shocks. In all groups, rats were first equilibrated as described in experiment 1. After equilibration and context A preexposure to 0 or 15 shocks (as described in experiment 1), all groups were returned to the equilibration chamber for an additional 2 h. Here, rats receiving postshock administration were exposed to 0.6% isoflurane (all other groups received 0% isoflurane). In total, all groups received approximately 2 h (either 30 min of equilibration plus 93 min of preexposure or 2 h 3 min post-context A preexposure) of isoflurane exposure. In experiment 1, 0.4% isoflurane and higher suppressed conditional fear and SEFL. In this experiment and subsequent experiments, we chose to use 0.6% 
Experiment 3
Post-traumatic stress disorder is a long-lasting phenomenon. In fact, one of the diagnostic criteria for PTSD is that symptoms persist for at least 1 month after the trauma. 2 Accordingly, experiment 3 tested whether isoflurane suppressed SEFL for a substantial duration of time. Previous studies found that rats show SEFL when preexposed to the foot shock stressor 3 months previously. 5 We used this same time separation in the current experiment. Table 3 illustrates the design and procedures for experiment 3.
We used 32 rats in this experiment. Animals were randomly assigned to receive either 0 or 15 shocks and 0% or 0.6% isoflurane on day 1 in context A. After preexposure, which occurred as in experiment 1, animals were returned to their housing area, where they remained for 90 days.
Previous results demonstrated that animals showed increased generalized freezing between context A and context B after a prolonged period of time between stress preexposure and single shock training. 5 To ensure that all groups showed virtually no baseline freezing in context B before the single shock, we extinguished baseline freezing in context B on the day before the single shock (day 91, 90 days after context A preexposure on day 1). For extinction, the rats were transported to context B as described in experiment 1 and placed in the context for 30 min with no shock. Freezing was observed during the first 3 min of the extinction session. When animals were returned to context B on the next day (day 92), they received a single shock in context B as described in experiment 1. On day 93, animals were tested for freezing to context B, and on day 94, animals were tested for freezing to context A.
Experiments 4 and 5
Experiments 4 and 5 assessed whether the intensity of the stressor affected the capacity of isoflurane to suppress SEFL. We used 30 rats in experiment 4 and 24 rats in experiment 5. Using the 0.6% isoflurane concentration that completely suppressed SEFL in experiment 1, we compared SEFL resulting from fifteen 1-mA versus fifteen 3-mA shock intensities. The procedure was essentially the same as in experiment 1, except that we applied different shock intensities. On day 1, animals received zero shocks, fifteen 1-mA shocks, or fifteen 3-mA shocks during preexposure in context A. On day 2, all animals received a single 1-mA shock in context B. On day 3, we tested freezing to context in B, and on day 4 we tested freezing to context in A, all as described in experiment 1. Experiment 5 was conducted using the same procedures as described in experiment 4, but the isoflurane concentration during preexposure was increased to 1%.
Experiment 6
We wanted to determine whether the ability of inhaled anesthetics to suppress SEFL was unique to isoflurane. We tested another commonly used anesthetic, nitrous oxide, in the SEFL model. Twenty-eight animals were used in this study. All rats were given 70 -80% nitrous oxide (or 0.34 MAC; MAC in rats is 2.21 atm). 14 Half of the rats received 0 shocks during context A preexposure on day 1, and the other half received 15 shocks. The rest of the experiment (days 2-4) was conducted as described in experiment 1.
Statistical Analysis
One-or two-way analyses of variance (ANOVAs) were used to analyze freezing during the context B training baseline and the context tests. The Fisher protected least significance difference test was used for all planned group comparisons. An ␣ level of less than 0.05 was accepted as significant. Statview statistical software (Berkeley, CA) was used to perform all analyses.
Results

Experiment 1 Baseline (Context B).
During the 192-s preshock (baseline) period in context B, there was virtually no generalized freezing ( fig. 1 ). Preexposure to shock did not affect this measure (P ϭ 0.54).
SEFL (Context B).
Overall, increasing concentrations of isoflurane decreased SEFL in preshocked animals and did not affect context B freezing in nonpreshocked animals ( fig. 2) . The overall two-way ANOVA with isoflurane concentration as one factor (with six levels) and shock preexposure (0 or 15 shocks) as the other factor revealed a significant effect of isoflurane concentration (F 5,92 ϭ 2.45, P Ͻ 0.05) on context B freezing. A priori comparisons between animals receiving 0 or 15 shocks during preexposure at each dose showed that only concentrations of 0.4% isoflurane and greater suppressed SEFL. That is, shock-preexposed animals breathing 0% or 0.2% isoflurane showed SEFL, whereas shock-preexposed animals breathing concentrations of 0.4% isoflurane and higher did not show enhanced freezing compared with their non-shock-preexposed counterparts.
Associative Fear (Context A).
Increasing concentrations of isoflurane decreased fear conditioning to the 15-shock context measured during the context A test ( fig. 3 ). The overall two-way ANOVA conducted on these data revealed a reliable effect of isoflurane concentration (F 5,92 ϭ 10.65, P Ͻ 0.0001) and context A treatment (F 5,92 ϭ 21.99, P Ͻ 0.0001) and an interaction between the two (F 5,92 ϭ 8.54, P Ͻ 0.0001). Shocked animals given 0% and 0.2% isoflurane showed conditional fear in context A compared with their nonshocked counterparts. Isoflurane concentrations of 0.4% and higher abolished contextual fear conditioning. However, rats receiving 0.6% isoflurane (but not 0.4% isoflurane) were significantly different from shocked controls receiving 0% isoflurane. Therefore, 0.6% isoflurane (0.4 MAC) will be used in subsequent experiments.
Experiment 2
In experiment 2, we wanted to determine whether isoflurane given solely after preexposure to 15 shocks would produce suppression of freezing in both contexts. Three control groups that were run in experiment 1 were included in this design: 0 shocks during context A Fig. 1. Experiment 1: Freezing measured during the baseline period before the single shock in context B. Context A shock and isoflurane concentration did not significantly affect this measure. preexposure and 0% isoflurane, 15 shocks during context A preexposure and 0% isoflurane, and 15 shocks during context A preexposure and 0.6% isoflurane. An additional group given 0.6% isoflurane only after context A preexposure was included.
Baseline (Context B) . During the 192-s preshock (baseline) period in context B, there was virtually no generalized freezing. All groups showed less than 1% baseline freezing.
SEFL (Context B) . The results from the three control groups replicated the experiment 1 results. Rats receiving 0% isoflurane and 15 shocks showed enhanced freezing compared with rats receiving 0% isoflurane and 0 shocks, a replication of the SEFL effect. Rats receiving 0.6% isoflurane and 15 shocks showed suppressed SEFL and were indistinguishable from nonpreshocked controls receiving 0% isoflurane. Postshock exposure to isoflurane did not produce any suppression in SEFL ( fig.  4) . A one-way ANOVA with each group as a level revealed a significant effect of treatment (F 3,28 ϭ 16.536, P Ͻ 0.0001). All post hoc differences were significant, with P values less than 0.0001.
Associative Fear (Context A).
A similar pattern of results as described for context B was found for context A ( fig. 5 ). Of groups receiving 0% isoflurane, rats given 15 shocks showed a high level of freezing compared with nonshocked controls, and isoflurane given during shock suppressed freezing but not when given after shock. On this measure, there was also a reliable effect of treatment (F 3,28 ϭ 28.171, P Ͻ 0.0001), and post hoc comparisons were significant at P Ͻ 0.0001.
Experiment 3
Experiment 3 investigated whether isoflurane suppressed SEFL when the single shock was given 3 months after the stressor.
Baseline (Context B). Animals given 15 shocks in context A with 0% isoflurane showed increased freezing (44.27 Ϯ 40.15%) during the first 3 min of the extinction session on day 91 compared with the other three groups (0%). A two-way ANOVA revealed a reliable effect of context A treatment (F 1,27 ϭ 9.26, P Ͻ 0.05) and isoflurane (F 1,27 ϭ 8.83, P Ͻ 0.05) and an interaction between the two (F 1,27 ϭ 8.83, P Ͻ 0.05). When animals were returned to context B the following day (day 92), for the single shock, they showed virtually no freezing. SEFL (Context B). After 92 days, animals given 15 shocks and 0% isoflurane in context A showed enhanced fear conditioned to the single shock compared with all other groups ( fig. 6 ). Isoflurane at 0.6% given during administration of the 15 shocks 92 days earlier suppressed SEFL. A two-way ANOVA revealed a reliable effect of context A treatment (F 1,27 ϭ 4.66, P Ͻ 0.05), a trend toward an effect of isoflurane (F 1,27 ϭ 3.62, P ϭ 0.068), and an interaction between the two (F 1,27 ϭ 6.35, P Ͻ 0.05).
Associative Fear (Context A) . When animals were returned to context A for the 8-min 32-s test on day 94, only animals given 15 shocks with 0% isoflurane showed fear to context ( fig. 7 ). Isoflurane at 0.6% suppressed conditional fear to the 15 shocks. The two-way ANOVA showed a significant effect of context A treatment (F 1,27 ϭ 8.14, P Ͻ 0.01) and isoflurane concentration (F 1,27 ϭ 11.34, P Ͻ 0.01) and an interaction between the two (F 1,27 ϭ 10.38, P Ͻ 0.01).
Experiment 4
When animals were given fifteen 1-mA shocks during preexposure, isoflurane concentrations of 0.6% and greater suppressed SEFL (experiment 1). In this experiment, we investigated whether the same concentration suppressed SEFL when fifteen 3-mA shocks were given during preexposure.
Baseline (Context B). There was virtually no baseline freezing during the 192-s preshock period in context B, with all groups below 2% baseline freezing.
SEFL (Context B). Animals receiving fifteen 3-mA shocks in context A showed more freezing compared with the other two groups during the 8-min 32-s test in context B ( fig. 8) . A one-way ANOVA showed a reliable effect of treatment (F 2,27 ϭ 3.391, P Ͻ 0.05).
Associative Fear (Context A). Animals receiving fifteen 3-mA shocks showed more freezing in context A (20.31 Ϯ 20.58%) compared with animals receiving fifteen 1-mA shocks (14.06 Ϯ 14.778%) and animals receiving no shock (7.62 Ϯ 5.38%), but this difference was not significant.
Experiment 5
Because 0.6% isoflurane did not suppress SEFL with fifteen 3-mA shocks during preexposure in experiment 4, we increased the concentration to 1% in the current experiment.
Baseline (Context B). There was virtually no baseline freezing in context B during the 192-s preshock period, with all groups below 1% baseline freezing.
SEFL (Context B).
The ANOVA conducted on percentage of freezing during the 8-min 32-s context test in B revealed no reliable effect of treatment ( fig. 9 ).
Associative Fear (Context A). The ANOVA conducted on the percentage of freezing during the 8-min 32-s context test in context A also revealed no reliable effect of treatment (nonshocked rats: 6.25 Ϯ 10.95; rats receiving fifteen 1-mA shocks: 6.645 Ϯ 13.41; rats receiving fifteen 3-mA shocks: 9.96 Ϯ 12.13). Therefore, 1.0% isoflurane, but not 0.6% isoflurane, suppressed SEFL when the foot shock intensity during preexposure was 3 mA.
Experiment 6
In this experiment, we investigated whether a concentration of nitrous oxide (approximately 0.34 MAC) with similar potency to isoflurane (0.6% determined in experiment 1, 0.4 MAC) would produce a suppression of associative fear and SEFL.
Baseline (Context B). There was no difference in baseline freezing scores during the 192-s preshock period in context B. Both groups showed less than 5% freezing.
SEFL (Context B). Nitrous oxide completely suppressed the effect of the 15 shocks. Both groups showed fear proportional to the single shock given in this context. Animals receiving 0 and 15 shocks were indistinguishable from one another ( fig. 10 ).
Associative Fear (Context A). Nitrous oxide also completely suppressed associative fear in context A. Shocked rats were statistically indistinguishable from nonshocked rats ( fig. 11 ).
Discussion
Preventing negative psychological sequelae, such as PTSD, from developing after surgery motivated the current research. SEFL allows us to study this issue and determine how such undesirable consequences might be prevented. SEFL produces two long-lasting aversive reactions. One is associative fear conditioning to the neutral cues present at the time of shock. The other is a change in reactivity to future aversive reminder events (i.e., the single shock). Fear conditioned to the 15-shock stressor given in context A provides a measure of what the animal has learned during anesthesia and allows a determination of the anesthetic concentration for its suppression. Fear conditioned to the single shock given in context B allows a measure of how a reminder of the stressor may produce a sensitized reaction and the anesthetic concentration that suppresses it. Collectively, these studies allow a determination of how anesthesia might prevent the sensitized reactions shown in SEFL and perhaps PTSD.
Results from experiment 1 show that increasing concentrations of isoflurane decrease conditional fear for the context in which it is given. Isoflurane concentrations of 0.4% and greater given during the 15 shocks suppress conditional freezing during a later anestheticfree test, producing freezing comparable to that shown by nonshocked controls. This is consistent with previous results showing that 0.35% isoflurane and greater concentrations suppress contextual fear conditioned by three tone-shock (3-mA) pairings. 8, 9 Experiment 2 shows that for isoflurane to suppress associative learning, it must be given during the stressor, because isoflurane given after preexposure to 15 shocks in context A did not suppress freezing during the context A test. Results from experiment 3 show that suppression by 0.6% isoflu-rane in context A still occurs when the context test is given 3 months later. It is a long-lasting suppression of learning.
The context B test measures how preexposure to the stressor of 15 foot shocks affects learning of new aversive events. As shown in experiment 1, animals can distinguish context B from context A. That is, there is no generalization of fear to context B after 15 shocks in context A in control rats (i.e., those not given preexposure to the 15-foot shock stressor). These control rats show 30% freezing when tested for the memory of the single shock received in context B. Preexposure to the 15 shocks in the absence of isoflurane doubles that amount of freezing. Whether they do or do not receive shocks in context A, animals given 0.4% and greater concentrations of isoflurane show an amount of fear conditioned by the single shock that is similar to that seen in controls.
It is unlikely that the effect of isoflurane on SEFL is caused simply by blocking fear conditioning to context A. This is because previous results show that when fear to the 15 shocks is extinguished with repeated presentations to the context or its acquisition is pharmacologically blocked, animals still show enhancement of conditioned fear to the single shock context. 4 That is, eliminating the memory of the stressor experience does not block SEFL. Experiment 4 shows that although 0.6% isoflurane blocks SEFL for a 1-mA stressor, it did not block SEFL for a 3-mA stressor. However, increasing the isoflurane concentration to 1% does block the SEFL for 3 mA. Whether a smaller increase in isoflurane concentration (e.g., to 0.8%) might have blocked the 3-mA SEFL remains to be determined. We also cannot say whether a further increase in the intensity of noxious stimulation would also increase the concentration of isoflurane needed to suppress SEFL. Our prediction is that it would not because the increase in concentration required to suppress the 3-mA stressor was considerably less than the increase in the intensity of the stimulation. We submit that we are at or approaching the maximum suppression with 1.0% isoflurane.
We conducted experiment 6 to assess whether another commonly used anesthetic could suppress SEFL. Rats given 70 -80% nitrous oxide and 15 shocks showed a complete suppression of SEFL. Rats preexposed to shock behaved like nonshocked controls. Moreover, suppression was observed at similar potencies for each compound (0.4 MAC for isoflurane [MAC in rats is 1.49% isoflurane] 13 and 0.34 MAC for nitrous oxide [MAC in rats is 2.21 atm] 14 ). Because nitrous oxide was not tested at lower concentrations, we cannot say with certainty that a slightly lower concentration of nitrous oxide would also suppress SEFL.
We also conducted experiment 6 because nitrous oxide generally affects receptors differently from isoflu- rane. For example, it blocks N-methyl-D-aspartate receptors more completely than does isoflurane, 15 but it is weaker in enhancing the response of ␥-aminobutyric acid type A or blocking acetylcholine receptors. 16, 17 Despite these disparate receptor effects, the suppression of SEFL seems to occur at comparable MAC fractions.
Our findings have several implications for PTSD. First, the anesthetic concentration given during a stressful event can suppress learning and memory of this stressful event, and potentially circumvent the development of PTSD symptomotology. Second, 0.4 MAC isoflurane and 0.34 MAC nitrous oxide suppress SEFL and perhaps the development of PTSD. Third, stresses imposed during anesthesia can lead to PTSD symptoms in the distant future, and these can be prevented with sufficient concentrations of inhaled anesthetic.
